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INTRODUCTION 


Although  several  references^ for  establishing  laser  safety 
criteria  are  known,  the  optical  characteristics  and  the  spectral  trans- 
mi  ttances  of  the  laser  safety  devices  are  unavailable  in  any  published 
form.  Since  the  underlying  laser  damaging  mechanisms  and  thresholds  to 
the  visual  system  remain  unresol ved^ and  since  the  laser  radiation 
powers  and  intensities  vary  greatly  with  respect  to  the  lasing  materials 
and  durations,  there  exists  no  universal  safety  device  the  optical 
quality  of  which  will  meet  all  the  recent  Army  safety  standards  and 
regulations  (AR  40-46)^. 

The  increasing  use  of  lasers  as  military  electro-optical  research 
tools,  range  finders,  target  designators,  and  weapons  promptly  demands 
stringent  safety  protection  for  the  users. 

A  qualitative  evaluation  of  laser  protective  eyewear  has  been 
conducted  previously®.  Test  results  showed  that  exposure  of  laser 
goggle  materials  to  sufficiently  high  laser  energy  would  cause  damage  in 
the  form  of  melting,  bleaching,  bubbling  or  shattering.  Furthermore, 
some  eye-safety  products  would  fail  to  function  as  protective  devices  _ 
after  only  several  seconds  of  exposure  to  laser  beams  of  about  12  w/cnr. 
Nevertheless,  no  quantitative  analysis  of  the  optical  quality  of  the 
devices  has  ever  been  provided.  The  purpose  of  this  study  is  to  evalu¬ 
ate  two  commercial  safety  goggles  (Fig.  1)  and  to  quantitatively  compare 
their  spectral  transmission  characteristics.  Similar  information  is 
also  provided  for  three  red  filters  (Fig.  2)  in  use  as  dark  adaptation 
devices.  We  believe  that  the  data  presented  in  this  study  are  not 
available  elsewhere,  although  fitting  characterisitcs ,  field  of  view  and 
effects  upon  color  vision  for  one  of  the  laser  goggles  have  been  pre¬ 
viously  investigated  in  this  laboratory®.  Results  from  this  study  will 
enable  the  users  to  calculate  the  amount  of  energy  being  transmitted 
through  the  safety  devices.  Several  examples  of  the  computations  will 
be  given  to  illustrate  the  application  of  the  safety  factor  analysis. 


METHOD 

Devices  Tested  -  The  two  types  of  laser  safety  devices  used  in  this 
study  were  denoted  as  follow:  (1)  Type  I  device,  manufactured  by 
Omnitech  Inc.,  Southbridge,  MA  01560,  was  designed  for  protection 
against  He-Ne  lasers  with  power  less  than  1  mw.  (2)  Type  II  device, 
made  by  American  Optical  Corporation,  Buffalo,  14215,  was  for  use 
with  ruby,  neodynium  or  Ga-As  lasers  at  10"^j/cm  energy  density  or 
less^®.  The  frame  for  the  type  I  device  was  a  goggle  and  for  the  type 


II  device,  a  spectacle.  The  three  red,  dark  adaptation  devices  used 
here  were  (1)  WW  II  aviator's  goggles,  (2)  Navy  dark  adaptation  goggles 
and  (3)  fluorescopy  adaptation  goggles.  The  first  was  manufactured  by 
Polaroid  Corporation,  Cambridge,  MA  and  the  second  as  well  as  the  third 
were  made  by  American  Optical  Corporation. 

Apparatus  -  The  two  light  sources  used  were  (1)  Macbeth  daylight 
filter  with  100  watt  GE  tungsten  bulb,  (2)  0.5  mW  He-Ne  laser  made  by  CW 
Radiation  Inc.,  Mountain  View,  California.  The  automatic  data  acquisi¬ 
tion/analysis  system  had  the  following  main  components:  (1)  RSS  (rapid 
scan  spectrometer),  (2)  DPO  (digital  processing  oscilloscope)  with  4K 
storage  memory.  (Both  are  made  by  Tektronix  Inc.,  Beaverton,  Oregon.) 
and  (3)  POP  11/05  with  24K  memory  and  a  cassette  I/O  drive.  Tektronix 
4010-1  TTY  and  4610  hardcopier  were  the  accessories  to  the  system. 

Experimental  Design  and  Procedure 

Figure  3  shows  the  experimental  arrangement.  The  light  source 
(either  coherent  or  incoherent  source)  was  on  the  optical  axis  of  the 
RSS  and  the  distance  between  them  was  20  cm.  The  device  to  be  tested 
was  placed  between  the  RSS  and  the  light  source.  Other  units  were 
electronically  connected  with  the  RSS  as  schematically  shown  in  the 
figure. 

Two  separate  experimental  procedures  were  used.  The  first  pro¬ 
cedure  was  to  measure  the  spectral  transmittance  (ST)  of  each  device. 

The  basic  technique  was  described  in  detail  elsewhere^.  Briefly,  the 
measurement  process  involved  the  division  of  the  spectral  power  spectra 
with/without  the  device  in  the  optical  axis.  Of  course,  each  continuous 
spectrum  had  been  digitized  in  the  DPO  and  the  computation  processes 
were  done  in  the  POP  11/05  through  the  control  Of  several  computer 
programs  stored  in  the  memory. 

The  second  procedure  was  to  obtain  the  ST  after  the  laser  safety 
devices  were  continuously  exposed  to  the  laser  for  durations  of  5  and  10 
minutes  respectively.  It  enabled  us  to  evaluate  the  reliability  of  the 
devices.  The  data  acquisition  and  analysis  were  the  same  as  those  of 
the  first  procedure. 


RESULTS 

Figure  4  is  the  power  spectrum  of  He-Ne  laser.  The  ordinates  are 
the  relative  energy  with  20  nw/div  and  the  abscissa  are  the  wavelengths 
from  400  to  800  nm  with  40  nm/div.  The  optical  dispersion  of  the 
coherent  source  is  about  10  nm  centered  at  632.8  nm.  Figure  5 
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is  the  1931  CIE  chromaticity  diagram  of  the  laser.  The  X,  Y  and  Z 
chromaticity  coordinate  values  are  0.6933,  0.3067  and  7  X  10"' 
respectively.  It  is  noticed  that  the  arr'ow  is  located  at  the  edge  of 
the  diagram,  indicating  the  source  location  plotted  on  the  CIE  diagram. 

The  upper  curve  in  Figure  6  is  the  power*  spectrum  of  the  Macbeth 
daylight  lamp  (incoherent  light  source).  The  middle  curve  is  the  power 
spectrum  when  the  testing  device  is  on  the  optical  axis.  The  bottom 
curve  is  the  background  ambient  light  power  spectrum  when  the  light 
source  is  off.  The  abscissa  and  ordinates  are  similar  to  those  in 
Figure  4  except  the  ordinate  scale  is  50  nw/div. 

Results  of  ST  curves  for  the  two  types  of  laser  safety  goggles  are 
shown  in  Figures  7  and  10  respectively.  The  ST  curves  for  the  three 
types  of  adaptation  goggles  are  presented  in  Figures  12,  13  and  14. 

Since  the  attenuation  factor  is  in  the  order  of  thousands,  the  ST  curve 
is  usually  nonsmoothed.  However,  at  this  point,  a  computer  program  is 
utilized  to  smooth  the  curve.  (This  computer  program  is  attached  in  the 
appendix.).  Figure  8  shows  the  smooth  curve  of  Figure  7.  Figures  9  and 
11  are  the  CIE  chromaticity  diagrams  of  type  I  and  II  goggles  respectively. 
The  chromaticity  coordinate  values  are  shown  at  the  upper  portion  of  the 
graph.  The  arrow  in  each  figure  indicates  that  the  color  of  the  devices 
falls  in  the  green  region.  The  latter  is  the  more  saturated  of  the  two. 

Figure  15  summarizes  the  ST  curves  of  all  the  dark  adaptation 
goggles.  It  is  interesting  to  note  that  they  have  the  same  general 
shape  although  the  WW  II  goggles  were  made  about  three  decades  before 
the  other  two  goggles.  The  chromaticity  coordinate  values  are  shown  on 
the  bottom  of  each  figure.  The  scale  in  the  ordinates  is  1  nw/div  and 
the  abscissa  is  the  wavelength  from  400  to  800  nm  with  40  nm/div.  The 
same  abscissa  also  applies  to  the  last  three  figures. 

The  scale  of  the  ordinate  in  Figures  16,  17  and  18  is  100  pw/div. 

All  of  these  figures  contain  smoothed  curves.  The  ST  curves  for  5  and 
10  minutes  are  respectively  shown  in  Figures  16  and  17.  Figure  18 
gives  the  comparison  between  them.  It  is  noted  that  the  curves  are 
almost  identical.  We  used  the  type  I  device  for  this  portion  of  the 
experiment  since  we  had  only  the  He-Ne  laser.  Also,  we  did  not  use  the 
average  ST  as  we  did  in  our  previous  studies^’^^  simply  because  the  ST 
in  this  study  is  not  uniform  across  the  spectral  range. 


DISCUSSION  AND  CONCLUSION 

Army  Regulation  40-46  specifies  that  the  protection  standard  for 
intrabeam  viewing  by  the  eye  for  the  continuous  wave  (CW)i  He-Ne  laser 
is  2.5  mw.cm"'^  at  0.25  second  exposure  duration  and  is  lyW  fcm"^  at 
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4  to  8  hours  in  the  use  of  optical  alignment^.  The  laser  beam  diameter 
used  in  the  study  is  approximately  1.2  mm.  The  mean  laser  energy 
passed  through  the  protective  devices  after  10  minute  exposure  is  in  the 
order  of  5  X  10"^  w.  Thus  the  radiation  density  penetrated  through  the 
protective  device  is  0.44  X  10"1  mwcm"^  which  is  lower  than  that  of  the 
specified  standard  (2.5  mw.cm“^).  The  amount  of  energy  penetrated 
through  a  linear  optical  medium  is  in  general  proportional  to  the  power 
of  the  laser.  This  implies  that  a  60  mw  or  more  He-Ne  laser  will  exceed 
the  specified  hazardous  standard  of  2.5  mw  cm"'^  at  an  exposure  duration 
only  one  quarter  of  a  second  (assuming  that  the  beam  diameter  is  still 
1.2  mm).  Since  the  type  I  goggles  are  made  for  the  use  of  low  power 
laser  protective  devices,  the  present  analysis  shows  that  it  is  within 
the  specified  AR  safety  range. 

Caution  has  to  be  taken  when  detection  and/or  viewing  of  a  red 
display  or  object  is  required.  Since  the  devices  transmit  virtually  no 
light  beyond  560  nm,  any  light  source  beyond  the  yellow-red  region  will 
not  be  seen.  The  exact  opposite  situation  occurs  for  the  three  types  of 
dark-adaptation  goggles.  They  transmit  light  beyond  560  nm.  In  addi¬ 
tion,  the  authors  wore  the  Type  I  and  II  laser  safety  goggles  for  one 
and  a  half  hours  and  tested  their  color  vision  with  the  Nagel-Schmidt 
Anomaloscope  after  5,  15,  45,  60  and  90  minutes  of  wearing  time  and 
found  no  significant  changes  from  their  pre-wearing  results.  The 
goggles  were  removed  only  during  the  short  period  required  to  g've  the 
test.  Post  wearing  results  were  also  unaffected.  It  was  found,  how¬ 
ever,  that  the  type  II  goggle  has  a  more  severe  effect  on  color  vision 
while  being  worn  than  the  Type  I.  This  was  noted  with  the  American- 
Optical  Hardy,  Rand,  Rittler  color  vision  test. 

In  summary,  this  study  has  provided  quantitative  data  for  several 
types  of  goggles.  The  first  two  types  of  safety  devices  are  made  for 
laser  protection  and  the  other  three  types  are  for  dark  adaptation 
purposes.  It  is  found  that  the  He-Ne  laser  safety  goggels  are  adequate 
in  terms  of  the  Army  Regulation  specification.  Results  from  the  other 
three  types  show  that  the  spectral  transmission  characteristics  possess 
virtually  a  common  shape.  It  is  recommended  that  one  type  of  the  safety 
device  be  used  for  only  one  specific  purpose.  Furthermore,  the  laser 
safety  device  cannot  be  used  when  a  detection  of  a  red  display  or  light 
source  is  required.  A  computer  program  for  smoothing  the  "noisy" 
spectral  curve  has  also  been  developed. 
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FIGURE  2 


FIGURE  3.  Experimental  Arrangement 
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FIGURE  5.  CIE  Chromaticity  Diagram  of  HE-NE  Laser 
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FIGURE  7.  Unsmoothed  Spectral  Transmittance  of  Type  I  Goggles 
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FIGURE  8.  Smoothed  Spectral  Transmittance  of  Type 
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FIGURE  9.  CIE  Chromaticity  Diagram  of  Type  I  Goggles 
with  Macbeth  Light  Source 
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FIGURE  10.  Unsmoothed  Spectral  Transmittance  of  Type  II  Device 
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FIGURE  11.  CIE  Chromaticiity  Diagram  of  Type  II  Device 
with  Macbeth  Lcmp 
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FIGURE  13.  Spectral  Transmittance  for  Navy  Dark  Adaptation  Goggli 
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FIGURE  15.  Comparison  of  S.T.  fop  WW  II,  Navy  §  Fluoroscopy 
Dark  Adaptation  Goggles 
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FIGURE  17,  Power  Energy  Transmitted  Through  Device  I 
After  10  Minutes  Exposure 
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Compared  Power  Energy  Transmitted  Through  Device  I 
after  5  VS  10  Minutes  Exposure 


APPENDIX 


COMPUTER  PROGRAM  FOR  SMOOTHING  THE  "NOISY"  CURVE  (FROM  STEP  300  TO  340) 


*LIS  _ 

RENARK  ora  TEK  BR8IC  <CR88ETTE>  Utt-ei 
lee  REFIRRK  ONE  SHOT  DATA 
leS  8TR  A 
110  STR  A^nE/2;FP 

115  DISPLAY  #44/ "TRANSIENT  CIRCUIT  ARMOl" 
120  WAIT 
125  HOLD  A 

130  LABEL  PA/ "TRANSIENT  DATA* 

145  STOP 

200  REMARK  AUERAQE  DATA 
205  HOLD  A 
210  HOLD  A/NE;FP 
215  AMERAGE  PA/PB/32 
220  HOLD  B 

225  LABEL  P8/  "DATA  AUERAGEO  32  Tim** 

230  STOP 

300  REMARK  SMOOTH  DATA  IN  A 
305  LET  P8-PA 
310  DIFFERENTIATE  B/ A 
315  LET  Xx0(e> 

320  INTEGRATE  A/A 

325  LET  PA»A«^K 

330  LABEL  PB/ "ORIGINAL  DATA" 

335  LABEL  PA/ "SMOOTHED  DATA** 

340  STOP 

400  REMARK  FAST  FOURIER  TRANSFORM 
405  HOLD  A/HEfFP 
410  HOLD  A 

415  DISPLAY  051; "F. F  T.  IN  PROCESB" 

420  LET  BpPA>MEA(PA> 

425  FFT  B/D/C/POLAR 
430  LET  H0-8D/2 
435  LET  TD-256 
440  LET  PM 


